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Abstract

Hepatocellular carcinoma (HCC) is the fourth leading cause of cancer mortality globally. In
addition, most patients present in advanced stages with limited curative treatment options.
Therefore, multidisciplinary treatment is often warranted. Here, we report a patient with
HCC and severe arterioportal shunt (APS) who was treated with a multidisciplinary approach
comprising interventional radiology procedures, apatinib and camrelizumab. After treatment, the
intrahepatic mass was stable, and a notable decrease in the number and size of lung lesions was
observed. The patient achieved a long-term survival of more than 2 years. These data suggest that
multidisciplinary treatments may be effective in the treatment of advanced HCC with severe APS.
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Introduction

Hepatocellular carcinoma (HCC) is the
fourth leading cause of cancer-related

death worldwide ] Furthermore. most #These authors contributed equally to this work.
. b
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patients are diagnosed with unresectable
or advanced stage disease with limited cura-
tive treatment options.> Therefore, novel
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therapeutic strategies for patients with
unresectable or advanced HCC are urgently
required. In this report, we describe the case
of a patient with advanced HCC and severe
intratumoral arterioportal shunt (APS) who
showed a favorable response following mul-
tidisciplinary treatment, including interven-
tional radiology procedures, apatinib and
camrelizumab.

Case presentation

A 3l-year-old man who suffered from
chronic hepatitis B virus-associated liver
cirrhosis for 10 years presented to another
hospital with hematemesis. He was then
diagnosed with HCC and severe intratu-
moral APS, which caused portal hyperten-
sion leading to esophagogastric variceal
bleeding (Figure 1). Thereafter, he under-
went endoscopic variceal ligation, followed
by endoscopic injection sclerotherapy three
times. Despite these treatments, the esoph-
agogastric varices deteriorated further. The
patient was then referred to our hospital on
19 November 2018 for further treatment.
Magnetic resonance images showed similar
findings to the outside hospital computed
tomography (CT) scan. No chest CT scan
was available, but chest X-ray examination
revealed no abnormalities. Preoperative
biochemical examinations showed that the
alpha-fetoprotein (AFP) level exceeded
2000ng/mL (normal range: 0-8ng/mL),
which was the upper limit at our laborato-
ry. The other parameters were as follows:
hemoglobin=78 g/L., total bilirubin=
13.4 ymol/L, albumin=41g/L, prothrom-
bin time=15.5s and  creatinine =
55 umol/L. The patient’s Child—Pugh score
was six (Class A), and the model for end-
stage liver disease score was nine. The
patient was classified by the Barcelona
Clinical Liver Cancer (BCLC) system as
stage B. The BCLC treatment algorithm
recommended transarterial chemoemboli-
zation (TACE) over surgical resection,

radiofrequency ablation and other thera-
peutic options.

Because severe APS causes portal hyper-
tension that leads to esophagogastric vari-
ceal bleeding, transjugular intrahepatic
portosystemic shunt (TIPS) and APS embo-
lization were performed to reduce the risk
of rebleeding. Hepatic angiography using a
SF catheter (Terumo Corporation, Tokyo,
Japan) revealed a marked APS communica-
tion between the left hepatic artery and the
left branch of the portal vein, accompanied
by reflux into the main portal vein
(Figure 2). The left hepatic artery was
occluded with multiple coils and gelatin
sponge particles through a 2.7F microcath-
eter (Progreat, Terumo, Japan) to reduce

blood flow through the APS.
Subsequently, TIPS wusing two self-
expandable stents (8 x 100 mm and

8 x 80 mm each, Angiomed GmbH & Co.,
Karlsruhe, Germany) was performed
(Figure 2), followed by embolization of
the esophagogastric varices with a mixture
composed of Histoacryl and iodized oil (B.
Braun, Melsungen, Germany). The tech-
nique was completed without procedure-
related complications. After the procedure,
the portal pressure in direct measurements
decreased from 50cm H,O to 40 cm H,O.

Despite the TIPS operation, the portal
pressure did not substantially improve.
Given this, TACE was performed again to
reduce blood flow through the APS on 17
December 2018. Embolization with coils
and polyvinyl alcohol particles (Hangzhou
Alicon Pharm SCI & TEC Co., Ltd.,
Zhejiang, China) was initially performed
to occlude the shunt, followed by infusion
of a small amount of iodized oil and 10 mg
pirarubicin emulsion (Shenzhen Main Luck
Pharmaceuticals Inc., Shenzhen, China).
After the procedure, repeated hepatic arte-
riography showed that the APS was
reduced but still present.

The patient had an uneventful recovery
after TIPS and TACE. On 24 December
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Figure |. Contrast-enhanced CT, MRI and upper gastrointestinal endoscopy findings in a 3|-year-old man
with hepatocellular carcinoma and severe APS. (a) CT showed a huge mass measuring approximately 7 cm in
diameter in the left hepatic lobe (black arrow). The lesion was unenhanced in the arterial phase because the
tumorous APS reduced arterial blood flow. A hyper-enhanced portal vein was present in the arterial phase
CT image (red arrow). CT images also identified ascites and splenomegaly. (b) MRI in our hospital showed
multiple hypodense parenchyma masses (white arrows, liver segment 4,5,6), similar to the outside hospital
CT scan. (c) Upper gastrointestinal endoscopy revealed severe esophagogastric varices.

CT, computed tomography; MRI, magnetic resonance images; APS, arterioportal shunt.

e

Figure 2. Hepatic angiography in the patient reported in this case. (a) Hepatic angiography shows a marked
APS communication between the left hepatic artery and the left branch of the portal vein accompanied by
reflux into the main portal vein (black arrow). (b) Left hepatic artery angiogram demonstrates tumor
staining. The tip of the microcatheter was placed in a feeding artery. (c) Post-embolization shows part
occlusion of the APS by multiple coils (red arrow) and gelatin sponge particles. (d) Major findings of portal
vein angiography during TIPS. (e) Embolization of the gastric varices with a mixture composed of Histoacryl
and iodized oil (white arrows). (f) Portogram obtained immediately after TIPS creation shows good passage
of the contrast medium through the shunt.

APS, arterioportal shunt; TIPS, transjugular intrahepatic portosystemic shunt.
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2018, he was discharged from the hospital
with close follow-up.

The patient was re-hospitalized to under-
go TACE on 22 January 2019, and molec-
ular targeted therapy with apatinib was
started (250 mg orally once daily). Shortly
after the initiation of apatinib treatment, he
suffered from hematemesis (Common
Terminology Criteria Adverse Events ver-
sion 5.0, grade 3). Complete hemostasis
was obtained after apatinib therapy was
interrupted. On 28 May 2019, CT scans
showed enlarged tumors in the liver with
lung metastases, and the serum AFP level
increased to 1256 ng/mL.

With careful consideration and the
patient’s informed consent, we initiated
immunotherapy with  camrelizumab.
Camrelizumab 200 mg was administered
intravenously over 30 minutes once every
2 weeks in a 4-week cycle. The patient tol-
erated the infusion without any complica-
tions. After another three cycles of therapy,
the follow-up CT scans showed stable
hepatic lesions and a continuous decrease
in the size of lung lesions (Figure 3).
However, camrelizumab therapy was dis-
continued because of an economical issue.

Subsequently, TIPS revision and two ses-
sions of TACE were performed. The latest
follow-up CT showed that the tumor
burden had decreased, the severe APS was
relieved, and most lung lesions had dimin-
ished in size or disappeared. However, he
passed away on 27 December 2020 (3
months after the last visit). The full clinical
course of this patient assessed by AFP
levels and therapeutic events is shown in
Figure 4.

Discussion

In this article, we reported a patient with
advanced HCC and APS undergoing multi-
disciplinary treatment, including interven-
tional radiology procedures, apatinib and
camrelizumab. To the best of our

knowledge, such a case has not been previ-
ously documented.

HCC combined with APS is a common
phenomenon in clinical practice. APS has
been reported in 28.8% to 63.2% of HCC
cases.” Severe APS aggravates the compli-
cations of portal hypertension, diminishes
the efficacy and safety of TACE and poten-
tially promotes lung metastases. Portal
hypertension arising from APS leads to
the rupture of gastroesophageal varices,
which is a life-threatening complication.
Therefore, it is essential to treat severe
APS for these patients. Endovascular
embolization remains the treatment of
choice. Several studies have suggested that
TACE with various embolic agents, such as
coils, ethanol, polyvinyl alcohol and gelatin
sponge, is an effective treatment.*> Here,
we used coils combined with gelatin
sponge or polyvinyl alcohol particles to
embolize the severe APS. Subsequently,
routine TACE was performed if there
were residual tumor feeders after emboliza-
tion. Unfortunately, APS was relieved but
resistant to two TACE procedures. For the
treatment of esophagogastric variceal
bleeding as a result of portal hypertension,
endoscopic treatment is the standard thera-
py and has been performed in multiple
studies with some degree of success.®
However, in our case, endoscopic treatment
was usually insufficient to eradicate the var-
ices and failed to control the esophagogas-
tric variceal bleeding. TIPS is used as a
second-line therapy to reduce the hepatic
venous pressure gradient, resulting in
portal venous decompression and variceal
bleeding control. In the presented case, we
performed TIPS in combination with endo-
vascular embolization of the APS to
decrease portal hypertension. After TIPS
creation and APS embolization, the portal
pressure decreased from 50 cm H,O to 40
cm H,O. The patient remained stable for
the rest of the hospital stay with no signs
of recurrent bleeding. The result suggested
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Figure 3. Contrast-enhanced CT before and after camrelizumab therapy. CT images before treatment with
camrelizumab (a, d) and after two cycles (b, e) and four cycles (c, f) of camrelizumab (200 mg administered
intravenously over 30 minutes once every 2 weeks in a 4-week cycle). A CT image shows hepatocellular
carcinoma with APS and multiple bilateral lung metastases (a, d). All lung lesions rapidly responded to

camrelizumab (b, e), and after four cycles, most lesions were diminished in size or had disappeared. Liver

masses remained stable, and APS was relieved (c, f).
CT, computed tomography; APS, arterioportal shunt.

that our treatment strategy was effective
and did not cause major complications.

In patients with BCLC stage B, palliative
locoregional treatments, such as TACE,
remain the gold standard for therapy.
However, the initiation of systemic therapy
is recommended if no response is observed
after 1 or 2 TACE sessions or progression
with extrahepatic spread is detected.” In the
present case, the patient was initially treated
with  interventional treatment alone.
Unfortunately, the tumor and APS were
not well controlled, and extrahepatic metas-
tasis emerged. Under this condition, the
treatment strategy was switched from
locoregional treatment to systemic therapy.
Therefore, we performed multidisciplinary
treatment, including molecular targeted
therapy and immunotherapy.

Molecular targeted therapy is a topic of
high interest in the multidisciplinary

treatment of HCC. Various molecular tar-
geted drugs for advanced HCC have been
developed. Lenvatinib is currently feasible
as a first-line treatment for advanced
HCC. Regorafenib, cabozantinib and
ramucirumab have also been recommended
as second-line treatment options.® A previ-
ous study reported that a patient with ini-
tially unresectable HCC and obvious APS
achieved conversion hepatectomy after len-
vatinib treatment.” However, there are lim-
ited data on apatinib, a novel highly
selective  vascular endothelial growth
factor (VEGFR)-2 tyrosine kinase inhibitor
developed in China, for the treatment of
HCC. For this case, we attempted to
administer molecular targeted therapy
with 250 mg apatinib once daily. The intra-
hepatic mass was stable, and a gradual
decrease in AFP after apatinib therapy
was observed. Unfortunately, he suffered



Journal of International Medical Research

[z

amretizumat]

apatinib
TIPS camrelizumab
— +TACE mitiation
TACE
2000 TACE l

TIPS revision

l TACE

&,
= 1500+
5
S
2. 10004
5004
c L] L] L] L L] L] T L] T L] T Ll L] L] L) T L]
O 8 P ® PP S S PSP
,\\"l» ,\{& ,,J\"l- Q&f\v Qq;\'Ir Q‘b @’\"& Q\'IrQ ¥ ,\\'\9 ,;\'19 @fp a ,b\"lqia @\‘19
'E;\’\ WI_»Q Q "]> é'\ N Q_Q @\ ‘&Q QQ q"\\

Date

Change in AFP level during the course of therapy

Figure 4. Clinical course of the patient reported in this case assessed by AFP levels and therapeutic events.
Molecular targeted therapy with apatinib (250 mg) was administered orally once daily. Camrelizumab (200
mg) was administered intravenously over 30 minutes once every 2 weeks in a 4-week cycle.

AFP, alpha—fetoprotein; TIPS, transjugular intrahepatic portosystemic shunt; TACE, transarterial

chemoembolization.

hematemesis, and was
discontinued.

Recently, cancer immunotherapies have
attracted increasing attention as potential
clinical treatments, particularly for patients
with late-stage disease. A major break-
through was the development of antibodies
targeting negative regulators of T-cell acti-
vation known as immune checkpoints.
Immune checkpoint inhibitors restore the
cytotoxic ability of T cells to destroy
tumor cells by blocking the programmed
death (PD)-1 receptor. Moreover, targeted
inhibition of the PD-1 checkpoint signifi-
cantly increases the antitumor efficacy of
T cells. Thus, anti-cancer immunity is
enhanced by antibodies that block the
PD-1/programed death-ligand 1 (PD-L1)
interaction. Immune checkpoint inhibitors

apatinib

have been extensively studied in multiple
tumors, including HCC.' Camrelizumab
(HENGRUI MEDICINE Co, Ltd.
Jiangsu, China) is a monoclonal antibody
that inhibits PD-1 immune checkpoint sig-
naling. In a recent camrelizumab trial, 32 of
217 (14.7%) patients with previously
treated advanced HCC experienced an
objective response with tolerable adverse
effects, and the 6-month overall survival
probability was 74.4%."" In this case, the
patient exhibited a promising clinical
response to camrelizumab therapy. After
the administration of camrelizumab, stable
condition of the intrahepatic mass, a nota-
ble decrease in the number and size of lung
lesions and a significant decline in AFP
levels were observed (Figure 3 and
Figure 4). We speculated that two or more
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cycles of camrelizumab treatment were sig-
nificantly associated with an objective
response. Based on the promising evidence
from the camrelizumab trial, the China
National Medical Products Administration
officially approved camrelizumab as a
second-line treatment for advanced HCC
patients.

Notably, recent clinical data revealed
that immunotherapy combined with molec-
ular targeted therapy might achieve syner-
getic effects. Liang et al.'” reported that
patients who received PD-1 blockade-acti-
vated multiple antigen-specific cellular ther-
apy in combination with apatinib showed a
significant improvement in progression-free
survival. Xu et al.'> showed that a combi-
nation of camrelizumab and apatinib
achieved high objective response rates,
durable responses and long-term survival
in patients with advanced HCC in both
the first-line and second-line settings.
Yuan and his colleagues found that camre-
lizumab and apatinib obtained a favorable
outcome in patients with advanced HCC
who developed tumor thrombus.'* These
promising results may be due to the nor-
malization of the tumor microenvironment.
The VEGF/VEGFR pathway plays an
important role in the regulation of the
tumor microenvironment immune status.
The inhibition of VEGFR2 by apatinib
has immunomodulatory effects mediated
by a reduced number and function of regu-
latory T cells and myeloid-derived suppres-
sor cells and enhanced dendritic cell
maturation and effector T cell mobilization,
activation and infiltration. As a result, the
immunosuppressive tumor microenviron-
ment is reprogrammed into an immunosti-
mulatory microenvironment, ultimately
reducing its immunosuppressive effects
and suppressing tumor growth.'
Therefore, in line with these studies,
although apatinib administration was inter-
rupted in our case, it is reasonable to
hypothesize that the tumor

microenvironment was altered by apatinib,
enabling improved responses to the immune
checkpoint blockade. Taken together, syn-
ergism between immunotherapy and molec-
ular targeted therapy provides a rationale
for the development of camrelizumab and
apatinib combination therapy.
Camrelizumab alone or in combination
with apatinib may also be an option for
the treatment of advanced HCC.
Unfortunately, the patient passed away 3
months after the last visit. We speculate
that the patient died from disease progres-
sion because he was at an advanced tumor
stage and missed follow-up for the last three

months. Therefore, close follow-up is
needed.
Conclusion

HCC is a complex disease that requires a
multidisciplinary treatment strategy. The
results obtained from our case demonstrat-
ed promising tumor control with multidis-
ciplinary treatment in a patient with
advanced HCC. Multidisciplinary treat-
ments, including interventional radiology
procedures, molecular targeted therapy
and immunotherapy, may be an effective
treatment option for advanced HCC
accompanied by severe APS. However, fur-
ther studies are needed to confirm our
findings.

Ethics statement

Written informed consent of all treatment pro-
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02). A signed consent form for the publication of
this case was obtained from the patient’s wife.



Journal of International Medical Research

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

This work was supported by the Middle-aged
and Young Teachers’ Basic Ability Promotion
Project of Guangxi Universities (CN) (grant
number: 2020KY03014).

ORCID iD

Hai-lin Lu @ https://orcid.org/0000-0002-9136-
3565

References

l.

Bray F, Ferlay J, Soerjomataram I, et al.
Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA
Cancer J Clin 2018; 68: 394-424.

. Akateh C, Black SM, Conteh L, et al.

Neoadjuvant and adjuvant treatment strate-
gies for hepatocellular carcinoma. World J
Gastroenterol 2019, 25: 3704-3721.

. Oh D, Shin SW, Park HC, et al. Changes in

arterioportal shunts in hepatocellular carci-
noma patients with portal vein thrombosis
who were treated with chemoembolization
followed by radiotherapy. Cancer Res
Treat 2015, 47: 251-258.

. Kim YJ, Lee HG, Park JM, et al. Polyvinyl

alcohol embolization adjuvant to oily che-
moembolization in advanced hepatocellular
carcinoma with arterioportal shunts. Korean
J Radiol 2007; 8: 311-319.

. Chan WS, Poon WL, Cho DH, et al.

Transcatheter embolisation of intrahepatic
arteriovenous shunts in patients with hepa-
tocellular carcinoma. Hong Kong Med J
2010; 16: 48-55.

. Ma JL, He LL, Li P, et al. Clinical Features

and Outcomes of Repeated Endoscopic
Therapy for Esophagogastric Variceal
Hemorrhage in Cirrhotic Patients: Ten-
Year Real-World Analysis. Gastroenterol
Res Pract 2020; 2020: 5747563.

. Worns MA and Galle PR. Hepatocellular

carcinoma in 2017: Two large steps forward,

12.

14.

15.

one small step back. Nat Rev Gastroenterol
Hepatol 2018; 15: 74-76.

. Liu Z, Lin Y, Zhang J, et al. Molecular tar-

geted and immune checkpoint therapy for
advanced hepatocellular carcinoma. J Exp
Clin Cancer Res 2019; 38: 447.

. Sato N, Beppu T, Kinoshita K, et al.

Conversion  Hepatectomy for  Huge
Hepatocellular Carcinoma With
Arterioportal Shunt After
Chemoembolization and Lenvatinib
Therapy.  Anticancer ~ Res  2019;  39:
5695-5701.

. El Dika I, Khalil DN and Abou-Alfa GK.

Immune checkpoint inhibitors for hepatocel-
lular  carcinoma. Cancer 2019; 125:
3312-3319.

. Qin S, Ren Z, Meng Z, et al. Camrelizumab

in patients with previously treated advanced
hepatocellular carcinoma: a multicentre,

open-label, parallel-group, randomised,
phase 2 trial. Lancet Oncol 2020; 21:
571-580.

Liang L, Wen Y, Hu R, et al. Safety and
efficacy of PD-1 blockade-activated multiple
antigen-specific cellular therapy alone or in
combination with apatinib in patients with
advanced solid tumors: a pooled analysis of
two prospective trials. Cancer Immunol
Immunother 2019; 68: 1467-1477.

. Xu J, Shen J, Gu S, et al. Camrelizumab in

Combination with Apatinib in Patients with
Advanced Hepatocellular Carcinoma
(RESCUE): A Nonrandomized, Open-
label, Phase II Trial. Clin Cancer Res 2021;
27: 1003-1011.

Yuan G, Cheng X, Li Q, et al. Safety and
Efficacy of Camrelizumab Combined with
Apatinib for Advanced Hepatocellular
Carcinoma with Portal Vein Tumor
Thrombus: A Multicenter Retrospective
Study. Onco Targets Ther 2020; 13:
12683-12693.

Hu C, Jiang X. The effect of anti-angiogenic
drugs on regulatory T cells in the tumor
microenvironment. Biomed Pharmacother
2017; 88: 134-137.

. Gagnier JJ, Kienle G, Altman DG, et al. The

CARE guidelines: consensus-based clinical
case reporting guideline development.
Headache 2013; 53: 1541-1547.


https://orcid.org/0000-0002-9136-3565
https://orcid.org/0000-0002-9136-3565
https://orcid.org/0000-0002-9136-3565

